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© Cold-rolled high-tension steel sheet having superior deep drawability. 



© A high-tension steel sheet suitable for deep drawing and having superior surface treatment characteristics is 
made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; not more than 1.0 % of Si; not more 
than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 % of Nb and not more than 0.3 % of Ti, 
wherein Ti* % + (48/93)Nb % £ (48/1 2)C % in which Ti* % = Ti % - (48/32) S % - (48/1 4)N %, wherein, when 
Ti* % < 0, Ti* % is regarded as being 0; 0.0005 to 0.01 % of B; 0.01 to 0.10 % of Al; not more than 0.15 % of P; 
not more than 0.010 % of S; not more than 0.006 % of N; Si, Mn and P meeting the condition of 0.2 < (Si% + 

^ 10P %)/Mn % < 3.3; and the balance substantially Fe and incidental impurities. This steel sheet is produced by 
a process which includes: hot-rolling the steel slab to obtain a hot rolled steel strip at a final hot-rolling 
temperature not lower than the Ar 3 transformation temperature; coiling the steel strip at a temperature not lower 

^ than 300°C but not higher than 615°C when Nb is not contained and not lower than 500°C but not higher than 
700°C when Nb is contained; cold-rolling the steel strip to obtain a cold rolled steel strip at a rolling reduction 

£® not smaller than 65 %; and recrystallization-annealing the cold rolled strip at a temperature not lower than the 

If) recrystallization temperature but below the Ac 3 transformation temperature. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a cold-rolled high-tension steel for deep drawing suitable for use as the 

materials of automotive inner and outer panels. The steel has a ferrite single-phase structure, exhibits a 
tensile strength not lower than 40 kgf/mm 2 and has excellent forming workability, as well as superior surface 
treatment characteristics. The invention also is concerned with a method for producing such a cold-rolled 
high-tension steel sheet. 

70 

Description of the Related Art 

Cold-rolled steel steels have been used as materials of automotive parts such as structural members 
and outer panels. In particular, cold-rolled high-tension steel has been used as the material of such steel 

75 sheets in order to meet the requirement for reducing the weight of automobile. Important requisites for cold- 
rolled high-tension steels for use in automobiles are high forming workability, in particular. press-workability, 
strength large enough to provide security of automobiles, and anti-secondary embrittlement characteristic 
which prevents embrittlement which may occur during secondary processing conducted after the forming 
work In recent years, there is an increasing demand for rust prevention of steel sheets and, therefore, 

20 surface treating characteristics of the steel sheets are also becoming a matter of great significance. 

I ogal controls on total exhaust emissions from automotive engines are becoming more strict, which 
naturally require? reduction in weights of automobiles for reducing fuel consumption. In order to cope with 
such a demand, it is very important to develop light-weight and strong steel sheets. 

Hit hot to. various high-tension steel sheets having excellent workability have been proposed. For 

25 instance Japanese Patent Laid-Open No. 57-181361 discloses a cold-rolled steel sheet which has a high 
Yc unys modulus and which is suitable for large-size works, as well as a method of producing such a steel 
sh.ret Japanese Pa:ent Laid-Open No. 58-25436 discloses a method of producing a cold-rolled steel sheet 
wrnct; it suitaLik- lor deep drawing and which has a high resistance to aging, as well as small anisotropy. 
Ti cs< su^-i z'^:<\t are very-low-carbon steels containing a small amount of Nb and Ti and are produced 

30 through a continuous annealing conducted under specific conditions. These steels further contain P as 
fomlcr cement elements, in order to develop higher tensile strength. 

The present inventors have conducted tests on several high-P steels having compositions similar to 
those shown m the above-mentioned Japanese Patent Laid-Open publications and found that such steels 
commonly exhibit a reduction in the mean Lankford value after cold-rolling and annealing, as well as inferior 

35 pcrlo mance aUc- painting. 

Veiy-iow-caibor steels having high a P content, in particular those having a C content less than 0.002 
wt a o. ohibn tensile strength which is 40 kgf/mm 2 at the highest, which is still too low to meet the 
requirements tor steel sheets to be used as automotive parts having reduced weight and high strength. 

Japanese Patent Publication No. 63-9579 discloses a high-strength cold-rolled steel sheet which 

40 contains, as a reinforcement element, Cu in addition to P and which exhibits high tensile strength not 
smaller than 40 kgf mrrr, as well as a high quality sheet surface. This steel sheet, however, still exhibits 
inferior surface treatment characteristics. 

BACKGROUND OF THE INVENTION 

45 

Accordingly, an object of the present invention is to provide a cold-rolled high-tension steel sheet 
suitable for use as automotive inner or outer panels wherein the steel composition has been suitably 
determined to simultaneously satisfy the requirements for superior mechanical properties and surface 
treatment characteristics and to provide a tensile strength not lower than 40 kgf/mm 2 . 
50 Another object of the present invention is to provide a method of producing such a cold-rolled steel 
sheet. 

Through an intense study, the present inventors discovered that a cold-rolled high-tension steel sheet 
suitable for use as automotive inner or outer panels having a tensile strength not lower than 40 kgf/mm 2 is 
obtainable by adequately determining the contents of Si, Mn and P in relation to one another and by 
55 addition of suitable amounts of Mo and Ti and/or Nb. 

The present invention is based upon such a discovery. 

According to one aspect of the present invention, there is provided a high-tension steel sheet suitable 
for deep drawing and having superior surface treatment characteristics, said steel sheet being made of a 
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steel consisting essentially of, by weight: 0.001 to 0.05 % of C; not more than 1.0 % of Si; not more than 
2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 % of Nb and not more than 0.3 % of Ti, 
wherein TP % + (48/93)Nb % £ (48/1 2)C % in which TT % = Ti % - (48/32) S % - (48/1 4)N %, wherein, 
when TP % < 0, Ti" % is regarded as being 0; 0.0005 to 0.01 % of B; 0.01 to 0.10 % of Al; not more than 
5 0.15 % of P; not more than 0.010 % of S; not more than 0.006 % of N; Si, Mn and P meeting the condition 
of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the balance substantially Fe and incidental impurities. 

According to another aspect of the present invention, there is provided a method of producing a high- 
tension steel sheet suitable for deep drawing and having superior surface treatment characteristics, 
comprising the steps of: 

io preparing a steel slab made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; not 

more than 1.0 % of Si; not more than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 % of 
Nb and not more than 0.3 % of Ti, wherein Ti* % + (48/93)Nb % £ (48/1 2)C % in which Ti* % = Ti % - 
(48/32) S % - (48/1 4)N %, wherein, when Ti* % < 0, Ti* % is regarded as being 0; 0.0005 to 0.01 % of B; 
0.01 to 0.10 % of Al; not more than 0.15 % of P; not more than 0.010 % of S; not more than 0.006 % of N; 

75 Si, Mn and P meeting the condition of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the balance substantially Fe 
and incidental impurities; 

hot-rolling said steel slab to obtain a hot rolled steel strip at a final hot-rolling temperature not lower 
than the Ar 3 transformation temperature; coiling said steel strip at a temperature not lower than 300°C but 
not higher than 615°C when Nb is not contained and not lower than 500°C but not higher than 700°C when 
20 Nb is contained; cold-rolling said steel strip to obtain a cold rolled steel strip at a rolling reduction not 
smaller than 65 %; and recrystaliization-annealing said cold rolled strip at a temperature not lower than the 
recrystallization temperature but below the Ac 3 transformation temperature. 

The above and other objects, features and advantages of the present invention will become clear from 
the following description taken in conjunction with the accompanying drawings. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a chart showing tensile strength, elongation, Lankford value (r value) and various surface 
treatment characteristics of a thin cold-rolled steel sheet in relation to a factor (Si Wt% + 10P wt%)/Mn 
30 wt%; 

Fig. 2 is a chart showing the effect of controlling the_C content and the effect produced by the addition of 
Mo on the tensile strength (TS) and Lankford value (r value) of a steel sheet; and 

Fig. 3 is a chart showing the effect of controlling the Mn content and effect of addition of Nb, as well as 
the effect produced by controlling the coiling temperature, on the tensile strength (TS) and the Lankford 
35 value (r value) of the steel sheet. 

DETAILED DESCRIPTION OF THE INVENTION 

A description will now be given of the results of experiments which provide basis for the invention of the 
40 present application. 

Experiment 1 

Experiments were conducted to determine the optimum balance between Si, Mn and P contents. More 
45 specifically, experiments were executed separately in regard to Si and P which, when their contents are 
large, adversely affect the surface treatment characteristics and in regard to Mn which, when its content is 
large, seriously impairs ductility and deep drawability. The inventors discovered the following facts as a 
result of these experiments. 

Various steel slabs were prepared to have compositions of C: 0.008 wt%, Mo: 0.25 wt%, Ti: 0.055 wt%, 
so Nb: 0.030 wt%, B: 0.001 wt%, Al: 0.045 wt%, S: 0.002 wt% and N: 0.002 wt%, with addition of Si, Mn and 
P, the Si content being varied within the range of 0.01 to 1.00 wt%, Mn content being varied with the range 
of 0.30 to 2.50 wt% and the P content being varied within the range of 0.01 to 0.15 wt%. Each steel slab 
was hot-rolled to obtain a hot rolled steel strip at a finish rolling temperature of 890°C and then thus 
obtained hot rolled steel strip was coiled into a coil at 560°C, followed by a cold rolling conducted at a 
55 rolling reduction of 70 to 75 %, so as to become a cold-rolled strip of 0.8 mm thick. The cold-rolled strip 
was then subjected to a continuous annealing between 800 and 830°C. Some of the continuously-annealed 
steel strips were subjected to phosphating, hot-dip zinc plating and Zn-Ni electroplating. Phosphating was 
conducted by full-dipping, using, as the treating solution, PALBOND L3020 produced by Nippon Par- 
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kerizing. 

The dipping period was 120 seconds and the temperature of the treating bath was 42°C. The hot-dip 
zinc plating was conducted to obtain a zinc deposition amount of 45 g/m 2 , under the conditions of: bath 
temperature of 475°C, initial sheet temperature of 475°C, dipping time of 3 seconds, and alloying 
5 temperature of 485°C. The Zn-Ni electroplating was conducted to obtain a deposition amount of 30 g/m 2 . 

The thus treated steel strips were subjected to a tensile test, as well as tests for examining surface 
treatment characteristics: in particular, phosphating treatment characteristics, anti-powdering characteristics, 
i.e., resistance to powdering exhibited by a hot-dip plating layer and adhesiveness of Zn-Ni electroplating. 
The phosphating treatment characteristics were synthetically evaluated in five ranks on the basis of 
io factors including the weight of the coating film, P ratio, crystal grain size and crystal grain distribution. 

The anti-powdering characteristics and adhesiveness were examined by bending tests and were 
evaluated in five ranks, respectively. 

Fig. 1 shows how the tensile strength, elongation, average Lankford value (r value) and the surface 
treatment characteristics are varied by a factor (Si wt% + 10P wt%)/Mn wt%, as obtained through the tests 
75 described above. As will be seen from Fig. 1, when the factor (Si wt% + 10P wt%)/Mn wt% is 0.2 or less, 
the tensile strength (TS) does not reach the desired level of 40 kgf/mm 2 , although the elongation El and the 
Lankford value (r value) are acceptable. Conversely, when the factor (Si wt% + 10P wt%)/Mn wt% exceeds 
3.3, the elongation El and the Lankford value (r value) as well the surface treatment characteristics, are 
seriously impaired. It is thus understood both the excellent tensile characteristics and surface treatment 
20 characteristics are obtained when the above-mentioned factor falls within the range given by: 

0.2 < (Si wt% + 10P wt%)/Mn wt% < 3.3 

Further experiments showed that the above-described advantageous effects are maintained even when 
25 suitable amounts of Ni and Cu, which have a solid solution strengthening effect, are added to the steel 
compositions. 

Experiment 2 

30 Four types of steel slabs having chemical compositions with different C contents, one of them 
containing Mo, were prepared and hot-rolled to obtain steel strips at a rolling finish temperature of 890°C 
and thus obtained steel strip were wound up into coil form at a temperature of 600°C followed by a cold- 
rolling conducted at rolling reduction of 75 % to become steel sheets of 0.7 mm thick. The thus obtained 
cold rolled strips were then continuously annealed at 800°C. 
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These four types of steel strips were subjected to tensile tests. 
55 Fig. 2 shows the effect of controlling the C content and the effect of the addition of Mo on the Lankford 

value (r value) and the tensile strength as determined in accordance with the results of the tests described 
above. 
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As will be seen from Fig. 2, the C content was increased in a stepped manner starting from 45C steel 
with the result that the tensile strength (TS) was increased while the Lankford value (r value) was decreased 
as the C content was increased. The 70CM steel containing Mo, however, showed only a small reduction of 
the Lankford value (r value) while exhibiting tensile strength (TS) which is even higher than that of the 70C 
5 steel. 

The reason why the addition of Mo suppresses a reduction in the Lankford value (r value) while 
improving the tensile strength (TS) has not yet been theoretically determined. This phenomenon may might 
be attributed to the fact that the addition of Mo causes only a very small change in the texture. 

It is understood, however, that the addition of Mo is effective in improving tensile strength (TS) while 
io suppressing reduction in the Lankford value (r value). 

Experiment 3 

Eight types of steel slabs A to H having chemical compositions shown in Table 2, some of them 
75 containing Mo and/or Nb, were prepared and hot-rolled to obtain hot rolled steel strips at rolling finish 
temperature of 890°C and then thus obtained strips were coiled at the temperatures shown in Table 2, 
followed by a cold-rolling conducted at rolling reduction of 75 % so as to become steel strips of 0.7 mm 
thick. The steel strips were then continuously annealed at 800°C. The coiling temperature was varied within 
the range between 400 and 700°C and was 600°C for other steels. 
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These eight types of steel strips were subjected to tensile tests. Tensile strength values and Lankford 
values (r value) are shown in Fig. 3. " 

As wi " be seen from Fig. 3. the Mn content was increased in a stepped manner starting from the steel 
, ^els B C, G and H, with the result that the tensile strength (TS) was increased while the Lankford 
value (F value) was decreased as the Mn content was increased. Steels D, E and F containing Mo and/or 
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Nb, however, showed only small reductions of the Lankford value (r value), while exhibiting a tensile 
strength (TS) which is even substantially the same as that of other steels having substantially similar Mn 
contents. 

Among the steel samples coiled at 600°C, the steel F containing both Mo and Nb showed the best 
5 balance between the tensile strength (TS) and the Lankford value (r value), as well as the highest value of 
the tensile strength (TS). From Fig. 3, it is also understood that among a plurality of samples of the steel F, 
the best balance is obtained when the coiling temperature ranges between 500 and 700°C. 

From these test results, it is understood that the addition of Mo and Nb and coiling at a temperature 
between 500 and 700°C are effective in increasing the tensile strength (TS) without impairing deep 
w drawability. 

In particular, Nb provides a remarkable effect in improving texture, although its strengthening effect is 
not as large as that of Mo. Thus, Nb, when used in combination with Mo, provides a good balance between 
deep drawability and strength, appreciable levels of deep drawability and strength. The effect of Nb in 
improving texture largely owes to the crystal grain size of the hot-rolled steel strip and the grain sizes of 

75 precipitate which is mostly Nb carbides. More specifically, when the coiling temperature is too high, the 
crystal grain si2e becomes so large that formation of recrystallized structure, which provides deep 
drawability, is impaired. Conversely, when the coiling temperature is too low, the precipitates are exces- 
sively refined so that the growth of crystals, which form advantageous texture, is impaired. The optimum 
range of the coiling temperature determined through the experiments is supported by the above discussion. 

20 Ti also provides an appreciable effect in improving texture, when used in combination with Mo. 

A description will now be given for the limitation on the following chemical composition range disclosed 
in the invention of this application. 

C: 0.001 to 0.05 wt% 

25 

Any C content less than 0.001 wt% cannot provide the desired tensile strength of 40 kg/mm 2 or greater. 
On the other hand, addition of C in excess of 0.05 wt% makes it impossible to obtain the desired ductility. 
Furthermore, addition of such a large amount of C requires that -a greater amount of Ti be added in order to 
fix C, which undesirably raises the material cost. Therefore, the C content is preferably not less than 0.001 
30 wt% but not more than 0.05 wt%. In order to obtain higher strength, the C content should be 0.002 wt% or 
greater. 

Si: 1.0 wt% or less 

35 Si is an element which exhibits high solid solution strengthening effect, and is added for the purpose of 
increasing strength. Addition of this element in excess of 1.0 wt%, however, impairs phosphating treatment 
characteristics, hot-dip plating characteristics and electroplating characteristics. In addition, the discalling 
characteristic during hot-rolling is also impaired. The Si content, therefore, is determined to be 1.0 wt% or 
less. 

40 

Mn: 2.5 wt% or less 

Mn is also an element which provides a high solid-solution strengthening effect, and is added for the 
purpose of improving the strength. This element also provides an effect to fix S when used in a steel which 
45 is free of Ti. Addition of Mn in excess of 2.5 wt%, however, seriously impairs both ductility and deep 
drawability. The content of this element, therefore, should be 2.5 wt% or less. 

Mo: 0.05 to 1.0 wt% 

50 Mo, when its content is adequately adjusted, effectively prevents reduction in ductility and deep 
drawability while allowing an increase in the strength. This effect becomes appreciable when the content of 
this element becomes 0.05 wt% or greater. Addition of this element in excess of 1.0 wt% causes a serious 
reduction in ductility and deep drawability, with the result that the cost is increased. The content of Mo, 
therefore, is preferably not less than 0.5 wt% but not more than 1.0 wt%, more preferably not more than 0.5 

55 wt%. 
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Ti, Nb: 

Each of Ti and Nb may be added alone or both of them may be used in combination. Preferably Nb 
content is from 0.001 to 0.2 wt% and Ti content is preferably 0.3 wt% or less. The Nb and Ti contents 'aJso 
should be determined to meet the condition of: 

Ti* wt% + (48/93) Nb wt% > (48/12) C wt% 

wherein Ti* wt% = Ti wt% - (48/32) S wt% - (48/14) N wt% and wherein, when Ti* wt% < 0, Ti* wt% is 
regarded as being 0 (zero). 

Ti has an effect to fix C, S and N, while Nb fixes C. As is well known, solid-solution C and N adversely 
affect workability, while S tends to cause hot-work cracking. In order to improve workability, therefore it is 
important to fix C, S and N by adding Ti and Nb. Furthermore, as described before, Nb provides an effect 
to improve the balance between strength and deep drawability. It is to be noted, however, the optimum 
coiling temperature varies depending on whether Nb is present or not. 

Precipitation fixing of C is the most critical requisite for obtaining good workability. Whether fixing of C 
is sufficient or not is determined as follows. Ti exhibits a greater tendency to be bonded to N and S than to 
C. Therefore, the effective Ti content Ti* for forming TiC is given by Ti wt% - (48/32) S wt% - (48/14) N 
wt%. In contrast, Nb is bonded only to C so as to form NbC. The effective Nb content is therefore 
substantially the same as the amount of Nb added. Therefore, the lower limits of Ti and Nb necessary for 
fixing C are determined by the formula 

Ti* wt% + (48/93) Nb wt% £ (48/12) C wt% 

In order that Nb makes a contribution to the improvement in the balance between the strength and 
deep drawability, it is necessary that Nb is added by an amount of 0.001 wt% or greater. Conversely when 
Nb content exceeds 0.2 wt% while Ti content is 0.3 wt%, the material is degraded and the surface quality 
of the steel sheet is impaired by solid solution of Ti and Nb. Therefore, preferably, the Nb content is from 
0.001 to 0.2 wt% and Ti content is preferably 0.3 wt% or less. The Nb and Ti contents also should be 
determined to meet the condition of: 

Ti* wt% + (48/93) Nb wt% £ (48/12) C wt% 

wherein Ti* wt% = Ti wt% - (48/32) S wt% - (48/14) N wt% and wherein, when Ti* wt% < 0 Ti* wt% is 
regarded as being 0 (zero). 

Since the maximum allowable Nb content is 0.2 wt%, the C content cannot exceed 0.025 % when Ti is 
not added. 

It is also to be noted that, provided that Ti is added by an amount satisfying the condition of Ti wt% £ - 
(48/12) C wt% + (48/32) S wt% + (48/14) N wt%. the whole solid-solution C should be fixed by Ti alone in 
a equilibrium state. An experiment made by the present inventors, however, showed that, even under such 
a state, recrystallization grain size and fiber structure are dependent on the coiling temperature in the state 
characterized by Nb-containg steels. It is therefore considered that a considerable amount of NbC is 
present when hot rolling is conducted under ordinary conditions. 

B: 0.0005 to 0.01 wt% 

B has an effect to improve resistance to secondary work embrittlement, phosphating treatment 
characteristics and spot weldability. These effects become appreciable when the content of B is 0 0005 
wt% or greater. Addition of B in excess of 0.01 wt%, however, causes slab cracking and impairs deep 
drawability. The B content, therefore, should be not less than 0.0005 wt% but not less than 0.01 wt%. 

Al: 0.01 to 0.10 wt% 

Al is an element which fixes O in the steel so as to suppress reduction in the effective Ti content which 
may otherwise occur due to the bonding of Ti to O. Al also is effective in fixing N when the steel does not 
contain Ti. No appreciable effect is produced when the Al content is below 0.01 wt%, whereas when the Al 
content is increased beyond 0.10 wt%, the effect of the addition of Al is saturated and the surface state is 
impaired due to a rapid increase in non-metallic inclusions. The Al content, therefore, should be not less 
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than 0.01 wt% but not more than 0.10 wt%. 
P: 0.15 wt% or less 

5 P is an element which produces an excellent solid-solution strengthening effect and is added for the 

purpose of improving strength. The addition of this element in excess of 0.15 wt%, however, not only 
impairs phosphating treatment characteristics and hot-dip and electroplating characteristics but also causes 
an undesirable effects on the quality of the steel sheet surface. The addition of such large amount of P also 
tends to produce coarse FeTiP during hot rolling, which in turn causes a reduction in the Lankford value (r 

w value) after annealing conducted following cold rolling. The P content, therefore, should be not more than 
0.15 wt%. 

S: 0.010 wt° 0 or less 

75 S not only causes cracking during hot rolling but undesirably increases amount of Ti which is to be 

added to fix S Consequently, the cost of the material is increased. The S content therefore should be 
minimized but the presence of S up to 0.010 wt% is acceptable. 

N: 0.006 wt°<o or less 

20 

Addition nf a larg<' amrmnl of N causes a reduction in Lankford value (r value) and causes a rise in the 
cost due to thft mrr •->*<<-! m iho content of Ti which is necessary for fixing N, with the result that the cost of 
the material is correspondingly increased. The allowable upper limit of N content is 0.006 wt%. 

25 Ni. Cu: 0.05 to 2.0 wt c c (Ni added alone or together with Cu) 

Both Ni and Cu produce a solid-solution strengthening effect and are added for the purpose of 
improving strength Trie effects of both elements are appreciable when their contents are 0.05 wt% or 
greater. However, wncn the contents exceed 2.0 wt%, deterioration in ductility and deep drawability, as well 
30 as serious degradation m the quality of the steel sheet surface occur. Consequently, the contents of both Ni 
and Cu should be not <css than 0.05 wt% but not more than 2.0 wt%. Addition of Cu alone tends to cause 
surface defects during hot roiling, so that addition of Cu essentially requires the simultaneous addition of Ni. 

If there is a margm for strength, both the Ni content and the Cu content should be not more than 0.7 
wt%. Strengthening of toe: is slightly reduced when the Cu content is not more than 0.2 wt%, but such a 
35 reduction is not critical 

According to the present invention, in addition to the restriction of the chemical composition set forth 
above, it is necessary that the contents of Si, Mn and P satisfy the requirements of: 

0.2 < (Si wt% + 10P wt° c ) Mn wt% < 3.3 

40 

This is because the required tensile strength is not obtained when the above-mentioned ratio is 0.2 or 
less, whereas, when the ratio has a value of 3.3 or greater, deep drawability is seriously degraded. 
A description will now be given of the restrictions on the process conditions. 

45 Hot rolling conditions: 

The final hot-rolling temperature should be below the Ar 3 transformation point or the Lankford value (r 
value) is reduced and the planer anisotropy is enhanced after annealing subsequent to cold rolling. The final 
hot-rolling temperature, therefore, should be not lower than Ar 3 transformation temperature. Although no 
so upper limit temperature is posed, the final hot-rolling temperature is not higher than a temperature which is 
50°C higher than the Ar 5 transformation temperature. 

Preferably, the hot-rolling is conducted such that the continuously-cast slab is temporarily cooled and, 
after a reheating, rough-rolled followed by final rolling. In order to save energy, it is -also preferred to 
subject the continuously-cast slab to rough-rolling without allowing the slab to cool down below Ar 3 
55 transformation temperature without delay or after a temperature holding treatment. 
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Coiling temperature: 

Optimum coiling temperature varies depending on whether Nb is contained or not. When Nb is not 
contained, i.e., when Ti is added alone, the coiling temperature preferably is not less than 300°C and not 
5 higher than 615°C. 

The generation of FeTiP tends to occur when the coiling temperature exceeds 615°C and causes a 
reduction in the Lankford value (r value) after annealing subsequent to the cold rolling. Conversely, when 
the coiling temperature is below 300°C, the rolling load becomes excessively large so that the rolling mill is 
heavily burdened to impair smooth operation of the mill. 
io When Nb is contained, regardless of whether Ti is added or not, the coiling temperature is not less than 
500°C but not higher than 700°C. Improperly low coiling temperature tends to cause excessive refinement 
of precipitates, which hampers formation of texture useful for improving deep drawability. Conversely, too 
high a coiling temperature tends to coarsen the crystal grains which also impedes formation of texture 
effective for attaining large deep drawability. 



Cold rolling and annealing: 

The rolling reduction in the cold rolling should be not less than 65 % or the required workability is not 
obtained even when other process conditions are optimized. The temperature of annealing conducted after 

20 the cold rolling should be not lower than recrystallization temperature as in ordinary processes. However, 
annealing at a temperature exceeding the Ar 3 transformation temperature causes a serious reduction in the 
Lankford value (r value) after the cooling. The annealing temperature, therefore, should be not lower than 
the recrystallization temperature but not higher than the Ar 3 transformation temperature. The annealing may 
be continuous annealing or box annealing. 

25 It is also possible to effect temper rolling under commonly accepted conditions for the purpose of, for 
example, leveling of the steel sheets. More specifically, temper rolling may be conducted at a reduction 
ratio (%) equal to the sheet thickness (mm). 

Example 1 With addition of Ti 



Seventeen types of steel slabs having chemical compositions shown in Table 3 were prepared and 
finally cold rolled into steel sheets of 0.7 mm thick. Nine out of seventeen steel slabs were prepared to 
meet the requirements of the invention, while eight were prepared for the purpose of comparison. Some of 
these slabs were rolled to sheets and subjected to phosphating treatment, hot-dip plating and Zn-Ni 
35 electroplating. Tensile characteristics and surface treatment characteristics of these steel sheets were 
examined. The results are shown in Table 4 together with the conditions of the hot-rolling, cold-rolling and 
annealing. 

Phosphating treatment, hot-dip since plating and Zn-Ni electroplating were conducted under the 
following conditions. 



75 



30 



40 



Phosphating treatment 



45 



Treating liquid: 
Treatment type: 
Treating condition: 



Palbond L3020 produced by Nippon Parkerizing Kabushiki Kaisha 
Full dipping 

120-second dipping at 42°C 



Hot-dip zinc plating 



50 



Bath temperature: 
Sheet initial temperature: 
Deposition amount: 
Immersion time: 



475°C Alloying temperature: 485 °C 
475 °C 
45 g/m 2 
3 seconds 



Zn-Ni electroplating 



55 



Deposition amount: 



30 g/m 2 
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Examinations were conducted as follows: 
Tensile characteristics: 

5 A tensile test was conducted by using JIS 5 test piece and tensile strength, yield and elongation were 

examined in the rolling direction. 

The Lankford value (r value) was determined from the s obtained in the rolling direction (r 0 ), 45°C to the 
rolling direction (r 45 ) and 90°C to the rolling direction (r 90 ), in accordance with the following formula: 

70 rvalue = (r 0 + 2 r 4 s + r 90 y4 

The r values were determined by measuring the widths of the test piece under 15 % strain, at three 
points: namely, longitudinal mid point and two points which are 12.5 mm apart from the mid point in both 
directions. 

75 

Phosphating treatment characteristics: 

Phosphating treatment characteristics were evaluated synthetically from the weight of the coating film, P 
ratio, crystal grain size and distribution of crystal size. 

20 

Hot-dip plating characteristics: 

Hot-dip plating characteristics were evaluated on the basis of resistance to powdering. 

25 Zn-Ni Electroplating characteristics 

Zn-Ni electroplating characteristic were evaluated on the basis of plating adhesiveness. 
The phosphating treatment characteristics, hot-dip zinc plating characteristic and Zn-Ni electroplating 
characteristics were evaluated in 3 ranks: namely, O (Excellent), A (Good) and x (Not good) as shown in 
30 Table 5. 

From Table 4, it will be seen that all the steels prepared in accordance with the present invention 
showed tensile strength values not smaller than 40 kgf/mm 2 , as well as high ductility and deep drawability, 
whereas the comparison examples, which do not meet the requirements of the invention either in the 
chemical composition or process condition, were inferior in tensile characteristics or in surface treatment 

35 characteristics. All the steels meeting the requirements of the invention had ferrite single-phase structure. 

The steel slab Sample No. 27, which is a comparison example, is different from Sample No. 9 of the 
invention mainly in the value of the ratio (Si wt% + 10P wt%)/Mn wt%. Namely, in Sample No. 27. the 
value of the above-mentioned ratio is 0.14 which is below the lower limit (0.2) of the range specified by the 
invention. Sample No. 27, therefore, exhibits inferior of elongation and the Lankford value (r value) as 

40 compared with Sample No. 9, although the surface treatment characteristics are substantially the same. The 
steel slab Sample No. 28, which is a comparison example, is different from Sample No. 16 of the invention 
mainly in the value of the ratio (Si wt% + 10P wt%)/Mn wt%. Namely, in Sample No. 28. the value of the 
above-mentioned ratio is 5.16 which is above the upper limit (3.20) of the range specified by the invention. 
Sample No. 28, therefore, exhibits inferior surface treatment characteristics as compared with Sample No. 

45 16, although the tensile characteristics are substantially the same. 

Sample No. 29, which also is a comparison example, has a composition similar to that of Sample No. 9, 
except that the C content is increased to attain an equivalent level of tensile strength TS to that of Sample 
No. 9 which contains Mo. Sample No. 29 exhibits inferos of elongation and Lankford value (r value) as 
compared with Sample No. 9. 

50 

Example 2 Nb is added alone or together with Ti 

Steels having compositions shown in Table 5 were processed in the same manner as Example 1, into 
steel sheets of 1.2 mm thick, and characteristics were examined in the same way as Example 1, the results 
55 being shown in Table 6. 
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Results of examinations of tensile characteristics and surface treatment characteristics are shown in 
Table 6 together with conditions of the hot-rolling, cold-rolling and annealing. The slab heating temperature 
55 was 1150 to 1250°C, and the annealing of a cold rolled strip was conducted by a continuous annealing 
process (soaking period 5 seconds), followed by temper rolling at a rolling reduction of 0.8 %. 

Experiments and evaluation were conducted in the same manners as those in Example 1 . 
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From Tables 5 and 6, it will be seen that steels meeting the conditions of the invention exhibit superior 
surface treatment characteristics and a high tensile strength of 40 kgf/mm 2 , as well as high ductility and 
deep drawability in good balance to each other. In contrast, steels of comparison examples having 
compositions which do not meet the requirements of the invention are inferior either in tensile characteris- 
5 tics or in surface treatment characteristics. Sample Nos. 2, 3, 4 and 7 have compositions meeting the 
requirements of the invention but are produced under processing conditions which do not meet the 
requirements of the invention. These samples show slightly inferior material characteristics as compared 
with Sample Nos. 1 to 6 which meet the requirements of the invention both in composition and process 
conditions. 

70 All the samples meeting the conditions of the invention had ferrite single-phase structures. 

Sample No. 17, which is a comparison example, had the value of the ratio (Si wt% + 10P wt%)/Mn 
wt% of 0.18 which is below the lower limit (0.2) of the range specified by the invention. This sample showed 
tensile strength below 40 kgf/mm 2 , although the surface treatment characteristics are substantially equiv- 
alent to those of the samples meeting the conditions of the present invention. Sample No. 18, had a value 

75 of the above-mentioned ratio of 4.40 which largely exceeds the upper limit (3.3) of the invention of this 
application and is inferior in surface treatment characteristics. 

As will be understood from the foregoing description, according to the present invention, it is possible to 
obtain a steel sheet suitable for deep drawing, superior both in surface treatment characteristics and the 
balance between strength and deep drawability, by addition of elements such as Mo, Nb, Ti and B, as well 

20 as Si. Mn and P having high solid-solution strengthening effect, in good balance with one another. This steel 
sheet can suitably be used as the materials of, for example, automotive inner and outer panels which are to 
be subjected to anti-rust surface treatments. 

Furthermore, the present invention offers an advantage in that it eliminates the necessity for any 
treatment before and after annealing or at the inlet side of a continuous hot-dip plating, which have been 

25 heretofore necessary to surface-treat steel sheets which exhibit inferior surface treatment characteristics 
due to addition of a large amount of Si. 

Claims 

30 1. A high-tension steel sheet suitable for deep drawing and having superior surface treatment characteris- 
tics, said steel sheet being made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; 
not more than 1.0 % of Si; not more than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 
% of Nb and not more than 0.3 % of Ti, wherein Ti* % + (48/93)Nb % £ (48/1 2)0 % in which Ti* % = 
Ti % - (48/32) S % - (48/1 4)N %, wherein, when Ti* % < 0, Ti* % is regarded as being 0; 0.0005 to 

35 0.01 % of B; 0.01 to 0.10 % of Al; not more than 0.15 % of P; not more than 0.010 % of S; not more 

than 0.006 % of N; Si, Mn and P meeting the condition of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the 
balance substantially Fe and incidental impurities. 

2. A high-tension steel sheet suitable for deep drawing and having superior surface treatment characteris- 
40 tics, said steel sheet being made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; 

not more than 1.0 % of Si; not more than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 
% of Nb and not more than 0.3 % of Ti, wherein Ti* % + (48/93)Nb % £ (48/1 2)C % in which Ti* % = 
Ti % - (48/32) S % - (48/1 4)N %, wherein, when Ti* % < 0, Ti* % is regarded as being 0; 0.0005 to 
0.01 % of B; 0.01 to 0.10 % of Al; not more than 0.15 % of P; not more than 0.010 % of S; not more 
45 than 0.006 % of N; 0.05 to 2.0 % of Ni alone or in combination with 0.05 to 2.0 % of Cu; Si, Mn and P 
meeting the condition of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the balance substantially Fe and 
incidental impurities. 

3. A method of producing a high-tension steel sheet suitable for deep drawing and having superior surface 
50 treatment characteristics, comprising the steps of: 

preparing a steel slab made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; 
not more than 1.0 % of Si; not more than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 
% of Nb and not more than 0.3 % of Ti, wherein Ti* % + (48/93)Nb % Z (48/1 2)C % in which Ti* % = 
Ti % - (48/32) S % - (48/1 4)N %, wherein, when Ti* % < 0, Ti* % is regarded as being 0; 0.0005 to 
55 0.01 % of B; 0.01 to 0.10 % of Al; not more than 0.15 % of P; not more than 0.010 % of S; not more 

than 0.006 % of N; Si, Mn and P meeting the condition of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the 
balance substantially Fe and incidental impurities; 

hot-rolling said steel slab to obtain hot rolled steel strip at a final hot-rolling temperature not lower 
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than the Ar 3 transformation temperature; coiling said steel strip at a temperature not lower than 300°C 
but not higher than 615°C when Nb is not contained and not bower than 500°C but not higher than 
700°C when Nb is contained; cold-rolling said steel strip to obtain a cold rolled strip at a roiling 
reduction not smaller than 65 %; and recrystallizati on-annealing said cold rolled strip at a temperature 
not lower than the recrystaliization temperature but below the AC3 transformation temperature. 

A method of producing a high-tension steel sheet suitable for deep drawing and having superior surface 
treatment characteristics, said method comprising the steps of: 

preparing a steel slab made of a steel consisting essentially of, by weight: 0.001 to 0.05 % of C; 
not more than 1.0 % of Si; not more than 2.5 % of Mn; 0.05 to 1.0 % of Mo; one or both of 0.001 to 0.2 
% of Nb and not more than 0.3 % of Ti, wherein Ti* % + (48/93)Nb % ^ (48/1 2)C % in which Ti* % = 
Ti % - (48/32) S % - (48/1 4)N %, wherein, when Ti' % < 0, Ti* % is regarded as being 0; 0.0005 to 
0.01 % of B; 0.01 to 0.10 % of Al; not more than 0.15 % of P; not more than 0.010 % of S; not more 
than 0.006 % of N; 0.05 to 2.0 % of Ni alone or in combination with 0.05 to 2.0 % of Cu; Si, Mn and P 
meeting the condition of 0.2 < (Si% + 10P %)/Mn % < 3.3; and the balance substantially Fe and 
incidental impurities; 

hot-rolling said steel slab to obtain a hot rolled steel strip at a final hot-rolling temperature not lower 
than the Ar 3 transformation temperature; coiling said steel strip at a temperature not lower than 300°C 
but not higher than 615°C when Nb is not contained and not lower than 500°C but not higher than 
700°C when Nb is contained; cold-rolling said steel strip to obtain a cold rolled strip at a rolling 
reduction not smaller than 65 %; and recrystallization-annealing said cold rolled steel strip at a 
temperature not lower than the recrystaliization temperature but below the Ac 3 transformation tempera- 
ture. 
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